Childhood head and neck cancers are relatively uncommon. Of all head and neck cancers occurring in children, non-Hodgkin's lymphoma (NHL) is the most common, others being rhabdomyosarcoma and nasopharyngeal carcinoma. In the head and neck region, sinuses are the second commonest primary site of NHL after neck lymph nodes. These can be of several different types depending on the predominant cell type and histologic appearance, the most common histological variant being diffuse large B-cell lymphoma.
INTRODUCTION
Neoplasms of the head and neck region are uncommon in childhood. [1] Lymphoma is the most common of all pediatric head and neck tumors; others being rhabdomyosarcoma, nasopharyngeal carcinomas, thyroid carcinoma and eosinophilic granulomas. [2] It is also the commonest cause of primary malignant disease of the head and neck region in the pediatric population. [2] Lymphomas can conventionally be of either Hodgkin's type or Non-Hodgkin's type. Hodgkin's lymphoma has a characteristic bimodal age incidence; the first one is seen around adolescence (pediatric age group), while the second peak is seen in the middle ages. On the other hand, non-Hodgkin's lymphoma (NHL) occurs more frequently (than Hodgkin's type) in the head and neck region in the pediatric age group. Though any anatomical sub-site may be involved by the pediatric NHL, most commonly it is encountered in neck lymph nodes, then within the nose and para-nasal sinuses. [1, [3] [4] [5] These are classified into several subtypes based on the predominant cell type of the tumor [ Table 1 ]. Clinical presentation, treatment options and the outcomes vary according to the histological type of the tumor, making the understanding of the topic even more confusing.
This article aims to highlight some of the important commonly agreed aspects in the epidemiology, symptomatology, staging and management of this relatively rare disease.
CLINICO-EPIDEMIOLOGIC CHARACTERISTICS
NHLs of the sino-nasal tract can be morphologically difficult to distinguish from destructive nonneoplastic disease in the head and neck region in children and adults. [6] The disease is commonly known to involve nasal cavity, one or more paranasal sinuses, or multiple regions within the sinonasal tract [6] constituting 25% of all pediatric head and neck NHL. Since these are not part of the head and neck lymphatic system, it earns them a name of extra-nodal head and neck NHL. [3, 7] Other commonly involved sites are nasopharynx (16%), tonsil (12%), and the base of tongue (8%). The last three subsites collectively represent extension of the nodal lymphatic system within the head and neck region, the Waldeyer's Ring, giving them the name of nodal head-neck NHL, which in this way makes them the most common locations of NHL within the head and neck region (36%). [3] Sinuses are primary site of NHL in 90% of cases, most commonly invaded by diffuse large B-cell lymphoma (DLBCL) [8, 9] while primary nasal tumors occur in just 10% of cases. [8] Primary lesions located in the orbit, hard palate or in multiple sites are rare. [9] Within nasal cavity, NK/T-cell lymphoma is the most commonly encountered variant. [8] NK/T lymphoma occurs predominantly in younger population, with a lower male-to-female ratio, [8] however, the overall disease shows a male preponderance. [6, 8] Clinical presentations vary according to the histological type. The low grade lymphomas present with a nasal cavity or para-nasal sinus mass associated with obstructive symptoms and/or lymphadenopathy. [8] Shortness of breath, wheezing, high-pitched breathing sounds are among the common presentations but they are not suggestive of NHL themselves. [10] The high grade lymphomas (38% of NHL in the sinonasal tract) are more likely to present with aggressive signs and symptoms including non-healing ulcer, cranial nerve manifestations, facial swelling, epistaxis, or pain. [8, 9] High grade B-cell lymphomas tend to present with soft tissue or boney destruction [ Figure 1 ] particularly of the orbit with associated proptosis [ Figure 2 ] whereas the T-cell lymphomas are Zagólski, et al.: Childhood non-Hodgkin's lymphoma of the sinonasal tract associated with nasal septal perforation and/or destruction. [8] Extra nasal dissemination occurs rarely to lymph nodes, skin, and testes. [9] At presentation, approximately 50% of patients have associated nodal disease, and only 20% report systemic or B symptoms. [8] There is a high incidence (15%) of extra nodal relapse outside of the gastrointestinal tract in patients with oral-sinonasal lymphoma to larynx, skin, liver, uvula, kidney, breast, lacrimal gland, testis, and prostate gland. [1, 6, 11] At initial presentation, three-fourth of the patients have Stage I or II disease and approximately two-thirds of those have intermediate-grade lymphoma. [3, 8] Histologically, mixed-cell lymphomas (MCLs) and large cell lymphomas (LCLs) prevail over lymphoblastic lymphoma (LBL) and small cleaved-cell lymphoma (SCCL); the frequencies of occurrence of T-cell and B-cell lymphomas being almost similar. [6, 9] High predominance of B-cell lymphomas in the sino-nasal region in oriental populations was reported with the T:B ratio greater than that observed for primary lymph node-based neoplasms. [9] 
STAGING SYSTEMS
There is a wide spectrum of morphologic types of lymphoma; [6] as a result several different staging systems were proposed and tested from time to time. Over the last three decades, a variety of systems including the Rappaport, Luke-Collins, and Working Formulation classifications have been used to classify extra nodal NHLs of the head and neck. [3] The Working Formulation is a classification of non-Hodgkin lymphoma that was published in early 1980s [ Table 1 ]. [12] In this system, miscellaneous tumors include composite, mycosis fungoides, histiocytic, extramedullary plasmacytoma, and unclassifiable lesions. [12] Working Formulation has been recognized as imperfect for primary extra nodal lymphoma, especially for patients with sino-nasal disease because of their histological characteristics. [13] Ann Arbor staging system, which was initially developed for Hodgkin's lymphoma is by far the commonest staging system to be used for the adulthood NHL as well and is still used by many despite its limited utility in NHL. [14] It has roughly the same function as TNM staging in solid tumors. [15] The stage depends on location of malignancy (confirmed on physical examination, CT scanning, positron emission tomography or MRI) and on systemic symptoms due to the lymphoma ("B symptoms": night sweats, weight loss of >10% or fevers). [15] Principal stages are determined by location of the tumor:
• Stage I -The cancer is located in a single region, usually one lymph node and the surrounding area. Such a tumor usually has no outward symptoms.
• Stage II -The malignancy is located in two separate regions, an affected lymph node or organ and a second affected area; both affected areas are confined to one side of the diaphragm -that is, both are above the diaphragm or both are below.
• Stage III -The cancer which has spread to both sides of the diaphragm including one organ or area near the lymph nodes or the spleen.
• Stage IV -Diffuse or disseminated involvement of one or more extra lymphatic organs, including any involvement of the liver, bone marrow, or nodular involvement of the lungs. [14, 15] Letters A or B can be appended to some stages: the absence of constitutional (B-type) symptoms is denoted by adding an "A" to the above stage while the presence is denoted by adding a "B" to the stage. Letter E is used if the disease is "extra nodal" or has spread from lymph nodes to adjacent tissue. Letter X is used if the largest deposit is >10 cm large ("bulky disease") or when the mediastinum is wider than 1/3 of the chest on a chest X-ray. Letter S is used if the disease has spread to the spleen. Type of staging can be expressed with CS (clinical stage) as obtained by clinician's examinations and tests and PS (Pathological stage) as obtained by exploratory laparotomy with splenectomy. This staging does not take into account the grade (biological behavior) of the tumor tissue. [14, 15] The older classifications have been replaced by other lymphoma staging systems; the most recent was published by the World Health Organization (WHO) in 2001, which is still used by cancer agencies for compilation of lymphoma statistics. [16] According to the classification, there are four major types of childhood non-Hodgkin lymphoma:
• B-cell non-Hodgkin lymphoma (Burkitt and Burkitt-like lymphoma) and Burkitt leukemia • Diffuse large B-cell lymphoma • Lymphoblastic lymphoma • Anaplastic large cell lymphoma There are also other types of NHL occurring in children, which include:
• Lymphoproliferative disease associated with a weakened immune system • Rare non-Hodgkin lymphoma that is more common in adults than children. [16] 
EVALUATION AND MANAGEMENT
Childhood sino-nasal NHL should be suspected in any case presenting with breathing problems with/ without painless swelling of the lymph nodes within the head and neck region. [10] In some cases the diagnosis is further suggested by the presence of axillary / inguinal lymphadenopathy, abdominal mass, dysphagia, fever of unknown reason, unexplained weight loss, bone pains and night sweats. [17] The pretreatment clinical investigations include physical examination, serum biochemical assessments, determination of lactate dehydrogenase (LDH) levels, computed tomography [ Figures 1 and 2] and/or magnetic resonance imaging (MRI) of the head and neck, computed tomography (CT) of the thorax, abdomen, and pelvis, and examination of the bone marrow aspiration smears. In cases where erosion of the cribriform plate is suspected an MRI should ideally be performed to rule out any dural involvement. The gold-standard diagnostic method is the histopathological examination of the tissue; therefore a tissue biopsy is a must to be performed. [18] In case of nodal enlargement, excisional biopsy should be preferred over the incisional biopsy or a core biopsy. [18] But if the mass is limited to the nasal cavity or the peripheral nervous system (PNS), a generous tissue biopsy should be undertaken to establish correct histological type of the tumor. Bone marrow biopsy may be necessary in some cases to rule out any marrow involvement by the disease. [19] Chest X-ray, CT or MRI scans of the thorax and the abdominal cavity should be routinely performed for correct staging of the disease. [10, [20] [21] [22] In general, in pediatric patients, Murphy's classification is used, [23] which takes into account the natural history of the disease and has greater prognostic value. Treatment for childhood sino-nasal NHL primarily includes chemotherapy and / or radiation therapy. [13] Role of surgery is limited to establishing the diagnosis only. [3] The type of chemotherapy and the route of administration of the chemotheraptic agents depend on the type and stage of the disease. [13] Most frequently administered drugs include doxorubicin, vincristine, prednisone, 6-mercaptopurin, and methotrexate. [24] Intrathecal chemotherapy is used if the disease has spread or may spread to the brain. [7] Radiation therapy is the primary treatment modality for localized disease in children and adolescents (Stages I and II), especially for low-grade lymphomas. [3, 24] It is generally not preferred if the tumor is lying close to the optic nerve because of the fear of damaging it and producing a blind eye; also, radiation-induced second cancers limit its use in treating sino-nasal NHLs. [13] Combination chemotherapy with or without radiation is used for more advanced disease and for intermediate-and highgrade lymphomas. [3, 24] Newer treatment modalities are currently being tested in clinical trials. Targeted therapy is a type of treatment that uses drugs or other substances to identify and attack specific cancer cells without harming normal cells. [25] Monoclonal antibody therapy is the most widely tested form of the targeted therapy for NHL which has shown some promising results. [25] Monoclonal antibody therapy uses antibodies made in the laboratory from a single type of immune system cell. These antibodies can identify substances on cancer cells or normal substances that may help cancer cells to grow. [25] The antibodies then attach to these identified substances and block their growth, keep a check on their spread and finally killing them. It is a systemic therapy and is given by the infusion. They can be used alone or to carry drugs, toxins, or radioactive material directly to kill the cancer cells. [25] Standard treatment for disseminated B-cell (Burkitt and Burkittlike) non-Hodgkin lymphoma in children and adolescents is usually combination chemotherapy with CNS prophylaxis (intrathecal chemotherapy). [26] Monoclonal antibody therapy combined with chemotherapy is being tested in clinical trials for disseminated B-cell non-Hodgkin lymphoma in children and adolescents. [25] Standard treatment of disseminated lymphoblastic lymphoma in this age group, which was considered incurable until the 1970s, is usually combination chemotherapy with or without radiation therapy to the brain. [27] Standard treatment of disseminated anaplastic largecell lymphoma in children and adolescents is combination chemotherapy with or without CNS prophylaxis (intrathecal chemotherapy). [7, 28] The treatment of recurrent childhood non-Hodgkin lymphoma in children and adolescents may include high-dose chemotherapy with stem cell transplant [29] or combination chemotherapy or combination chemotherapy and monoclonal antibody therapy. [13] Standard treatment of lymphoproliferative disease in children and adolescents with diminished immune response may include, surgery with or without radiation therapy or combination chemotherapy.
MURPHY'S CLASSIFICATION
[30] Some ongoing clinical trials are trying to test the efficacy of combination of multiple therapies like monoclonal antibodies combined with chemotherapy and stem cell transplant followed by donor lymphocyte infusion or an infusion of T-cell lymphocytes that have been treated in the laboratory, the results of which are awaited. [30] Sino-nasal infections with microorganisms are typical of immunosuppresed patients as they occur very frequently. [31] These can also be a result of complication of the therapy which is often difficult to manage and may require specific treatment for longer periods.
PROGNOSIS
The prognosis depends on the type and stage of disease, the number of sites of extra nodal spread, invasion of the CNS and the patient's general condition. [3] Patients with lymphomas of high histopathologic grade and recurrent or disseminated disease have the worst prognosis. [3] Two-third of the patients remain in the remission phase after initial therapy. [3] In one-third of the patients diseases relapse and three-fourth of these patients die of the disease. [3] The cumulative five-year survival rates are about 30% for all the types, 55% for diffuse large B-cell lymphoma, 33% for peripheral T-cell lymphoma, and 20% for angiocentric lymphoma. [13] Five-year overall and event-free survival rates after treatment are 52% and 50%, respectively. [7] Ten-year survival is relatively better for the patients with Waldeyer's ring non-Hodgkin's lymphoma than for individuals with oral-sinonasal non-Hodgkin's lymphoma. [11] In contrast to results of Asian studies in which nasal NK/T-cell lymphoma has a very poor prognosis, American studies report that nasal NK/Tcell lymphomas have an outcome similar to that of DLBCL. [8] Conventional combined treatment (CHOP chemotherapy + radiotherapy) is ineffective for the NHL of the sino-nasal tract (especially NHLs of the nasal cavity), NHLs with tumor cells positive for T-cell markers, NHLs with stage higher than Stage IIE and NHLs with B symptoms. [13, 32] 
POSSIBILITIES OF FUTURE RESEARCH
Several types of mutation are known to occur in NHLs. In sinonasal NK/T-cell lymphoma (NKTCL), frequency of mutations in p53, K-ras, c-kit, beta-catenin, and bak gene is found to be 62.9%, 0%, 11.1%, 18.5%, and 25.9% respectively, while in cases of B-cell NHLs these figures are 71.4%, 0%, 23.1%, 21.4%, and 57.1%, respectively, showing that mutation frequency in all genes was higher in B-cell than in NKTCL cases. [33] These findings suggest that gene mutations might be the driving-force for B-cell lymphoma, whereas combined EpsteinBarr virus (EBV) infection and gene mutations contribute to NKTCL development. [33] c-kit gene encodes for a receptor tyrosine kinase, which plays a crucial role in proliferation and differentiation of hematopoietic stem cells. [34] Mutations of p53, a well-known tumor suppressor gene, as well as exon 4, K-ras, c-kit and beta-catenin mutations, were observed in sinonasal NHL to show significant differences between different countries. [34] Mutations causing constitutive activation of KIT have been shown to be a causative factor in sinonasal lymphomas. [35] These activating mutations can be divided into two types -'regulatory type' mutations, which affect regulation of the kinase molecule, and 'enzymatic pocket type' mutations, which alter the amino acid sequence directly forming the enzymatic site. [35] KIT inhibitors have been suggested to be an important therapeutic strategy for these conditions, but different types of activating mutations respond differentially to KIT inhibitors, so classification of individuals on the basis of specific mutations is necessary to guide therapy. [35] The findings that gene mutations might be the driving force behind lymphomas can promote further research aiming at possible treatment methods in the future. Specific gene inhibitors might be promising as therapeutic agents. Also, the roles of coexisting infectious factors (EBV and others) which play potentially causative roles in lymphomas need to be further investigated.
